The teaching of measurement in medicine should ideally be directed at several levels in the clinical field and also to the administrative staff of hospitals in the health service as in future it will have a considerable impact both on the administration and the design of hospitals. The staffing structure of departments of clinical measurement must be such that it embraces scientists with a wide knowledge of mathematics, engineering, physics and physiology together with a specialized knowledge of these subjects pertaining to signal analysis.
Although clinicians intending to devote the major part of their career to this discipline cannot be expected to supply all these skills, they need a shorter and more concentrated course than their scientific colleagues, an example of which course is that provided by the Department of Electrical Engineering in Medicine at Imperial College. The knowledge which they will obtain during this training will enable them to communicate with the nonclinical scientists so that all can work together as a unified team.
The teaching of clinical measurement to medical students is most likely to be beneficial if it is introduced as an applied science alongside the ordinary clinical course. In this way the undergraduate will not be overwhelmed by the technicalities of the subject but will learn to accept them as a matter of course.
The lack of understanding between scientist and clinician is more apparent than real: personal experience has shown that the formation of a team such as that described above rapidly dispels any difficulty in communication.
Viable departments of clinical measurement constituted in this way will act as vital nuclei for the spread of knowledge of this new discipline throughout the entire health service.
Dr J P Blackburn (Department ofClinical Measurement, Westminster Hospital, London SWI)
Types of Training Required
Training for measurement in medicine is by no means straightforward and there are bound to be differences of opinion, but I would start by trying to answer the question: who should be trained to make what sort of measurements and what form should training take? Let us first consider the training of nurses and technicians before discussing that of doctors and scientists. Within the health service we have to think first of service to patients and, to be realistic, must realize that most measurements on patients are done by nurses. Simple measurements of weight, height, pulse rate and so on are straightforward enough. Much work has been done on errors in the measurement of blood pressure by auscultation, but we are now asking nurses to measure things not thought possible a few years ago. ECG machines, electromanometers and amplifiers have become more reliable, and new monitoring devices with simple controls have been designed for use by nurses, although in practice we have found that few can use them with confidence, and many are frightened by lung ventilators and similar equipment.
Suitable training schemes for nurses in intensive therapy, coronary care, or hmmodialysis units are conspicuous by their absence, and there is a danger that they may be arranged in a more or less haphazard way by individual hospitals. Specialized training for nurses in these situations is obviously desirable and should be standardized in much the same way as midwifery training, with examinations and diplomas, and encouraged by higher pay.
The magnificent service of many highly competent nurses working for long hours in exacting situations like intensive therapy departments should not be belittled, but it must be acknowledged that there are shortcomings in the training of nurses in measurement techniques at many hospitals today.
Technicians are the mainstay of many service and research departments within our hospitals, particularly pathology, electrocardiography, and physics departments.
When the situation becomes more complicated, for instance during cardiac catheterization, the technician may need to be more experienced and intelligent to obtain correct measurements. To contribute fully he must be able to assess the measurements as the investigation proceeds, and must know how to correct for the frequency response of the catheter-manometer system and how to interpret results in relation to artifacts and measurement errors. It is important that the accuracy of measurement bears some relation to clinical requirements, and it may be one duty of the enlightened measurer to remind everyone of this from time to time. In some well established fields there are training programmes for technicians which cover many of these points. Many technicians are very valuable members of a team, although recommendations about their organization and career structure are still under review.
We are particularly concerned with the training required by doctors and scientists.
Apart from theorists, almost everyone using equipment, either for research or to investigate or treat patients, has to become expert in at least one sort of measurement, and also has to know something about apparatus. The investigator may be dissatisfied with his ability to measure what should be measured, he may be faced with enormous amounts of data which he is unable to process or reduce to manageable form, or may find he cannot cope with the necessary mathematical concepts. For these reasons he will require special training, but the form which this will take should depend on his requirements and existing knowledge.
We have found in medicine three groups of people who require training in different ways. The first are those faced with a specific measurement problem, for instance the determination of coronary artery blood flow, and this they will have to solve before they can carry out their investiga-tions. These people must become intimately familiar with a limited range of equipment. They may be faced with the problem of developing new techniques, they may have to modify existing equipment and may have to discuss their problems with engineers unfamiliar with the medical requirements and therefore, perhaps, surprised when the clinician cannot state immediately the modifications he requires and the degree of accuracy needed.
The second group are those who need to use a wide range of established measuring techniques, but who want to do more than make measurements of, say, arterial oxygen tension, rate of change of the aortic pressure, resistance of endobronchial tubes, or the frequency of neural spikes. They want to learn more about the equipment involved, the influence of the measuring device on the variable they are trying to measure, errors in the apparatus and so on. We find many people who come to the Department of Clinical Measurement at Westminster Hospital are anwsthetists, and this is appropriate in view of the major part they play in post-operative and respiratory intensive therapy units. We train them for a year at SHO or registrar level, first to use equipment for routine purposes in a wide variety of clinical situations, secondly to give them training in the theory and workings of electromanometers, flowmeters, blood and gas analysers, recorders and so on. We then encourage them to undertake a research project in applied physiology or the evaluation or development of equipment. At the end of a year these doctors find they are better able to make use of engineering expertise, and that much of the dichotomy between biologists and engineers has disappeared.
In the third group are those interested in making a career in the dual disciplines of engineering and medicine. These people will have their own specific research interests, but if they are to operate within the health service they will also be interested in organizing and providing for their colleagues a measuring service for diagnosis, for control of treatment, or research. Many clinicians wish to quantify their clinical impressions, and need expert advice on the sort of measurements to make, while others know in more detail what they wish to measure, but require information on the best technique to use, or the best equipment to buy for their purposes. A service department such as clinical measurement within the hospital enables equipment to be purchased with specialized knowledge not only of its advantages and limitations, but also with experience of its use under clinical conditions. Equipment can then be shared by several users, operated by people familiar with it, and maintained or repaired efficiently. Also in such a department new equip-ment can be developed, and the teaching of doctors, technicians and nurses can be instituted.
People interested in the dual disciplines of engineering and medicine will obviously require detailed training. They will have to overcome not only a communication barrier, but also develop new methods of thinking. Medical training has hitherto been carried out with a minimum of mathematics and analytical thought, with considerable emphasis on the learning of facts and the application of clinical judgment. The engineer, on the other hand, has been educated in a system which emphasizes mathematics and analytical reasoning, so when he and the doctor work together they find it difficult to understand not only what the other is saying, but the way in which the other person is thinking. The engineer may fail to recognize the difficulties of working with complex biological systems and only slowly comes to appreciate the medical and biological viewpoint.
To try to improve this situation a number of centres in the United States started graduate programmes of biomedical engineering in the 1950s. Almost all these courses were arranged for engineers, and although they did much to educate engineers in physiology, it was found to require more than a knowledge of physiology to contribute effectively to a clinical environment.
General instruction on measuring techniques can be given without mathematics, provided the material is suitably presented. Westminster Hospital last year started an exhibition/tutorial course on clinical measurement for anwsthetists taking the primary FFARCS, which over 200 anesthetists attended; since 1960 we have run courses of forty lectures on instrumentation for clinical medicine, covering topics like the measurement of blood pressure, blood flow, respiratory function, and pH. This is combined with a series on electronics explained in an intuitive rather than a mathematical way.
However, when dealing with complex systems there are many occasions when intuition gives the the wrong answer, and for those who hope to bridge the gap between the physical sciences and medicine or biology, training in much more detail is required. This should include mathematics, statistics, electronics, instrumentation and computer applications. Biologists are often beset with masses of data to analyse, or deal with systems where numerous variables are interrelated in complex and nonlinear ways. To develop new methods of handling these problems in sufficient detail is a difficult task. However, in 1962 Professor B McA Sayers started a one-year course at Imperial College on the applications of engineering in medicine and biology. This course is designed for the needs of doctors and physiologists and its acknowledged success emphasizes the fact that doctors can be trained in mathematics and engineering to a standard at which they can tackle problems requiring a high degree of ability in these subjects.
As doctors get better at managing critically ill patients, they ask for predictive information and the assessment of changes in the patient's condition. In this uncharted area it is too early to say how much clinically useful information will emerge. The high frequency ECG is one technique which shows promise (Sayers 1967) . High frequency changes, revealed by suitable averaging, may indicate in more detail the patterns of depolarization of the myocardium, and it is becoming apparent that there may be changes which occur up to half an hour before the onset of overt arrhythmias.
At exhibitions of intensive therapy equipment devices can be seen which measure, with varying success, pulse rate, blood pressure, temperature and respiratory rate. These provide useful information, but more is needed on stroke volume, myocardial contractility and tissue oxygen tensions; this is a stage more difficult to achieve. Work is in progress deriving some of this information, which must then be correlated with changes in the patient's clinical condition.
The days when transducers and electronic boxes were regarded with either wonder or resentment are passing, and more people are asking how clinical judgment can be extended and quantified for the benefit of their patients. Clinicians also ask equipment manufacturers more searching questions and no longer accept devices at face value. Measurements which were made only in the research laboratory are now made routinely in the wards. This trend will increase, and with it the need for more training in clinical measurement.
The development of teaching based on analytical thinking is being extended at medical schools. More students with A-level mathematics and physics should enter medical schools. Such students acquire biological insight during medical training, and their previous knowledge stands them in good stead for postgraduate training in biomedical engineering.
As doctors use engineering techniques more and more for the investigation and treatment of patients, and as new mathematical methods are developed for processing biological data, more doctors trained to bridge the gap between the various professions will be needed. 
